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In the polymerization of ethylene and other olefins under
slurry conditions using supported chromium oxide containing catalysts,
it is known to use organometallic compounds, particularly organo-
aluminium compounds, as a cocatalyst or catalyst modifier, see for
20  example, GB 2,073,761 (later published application), GB 2,048,284A,
GB 1,406,339 and GB 1,241,134, 1In general, the suggested amounts of
organometallic compound vary over extremely broad ranges e.g. 0.1 to
100Z, preferably 1 to 10%, based on total catalyst weight (GB
2,073,7614); 0.5 to 50%, preferably 1 to 20%, based on total catalyst
25 weight (GB 2,048,284A); and 0.01 to 1,000 mg, preferably 0.1 to 100
mg, per litre of diluent (GB 1,406,339). Whilst such ranges do embrace
quite small quantities of organometallic compound, for practical pur-
poses, and as illustrated in the Examples presented in those disclosures,
the organometallic compounds will be used in relatively large amounts,
30 and usually, based on the figures given in amounts substantially in
excess of 5 parts per million (ppm) based on the amount of diluent
e.g. about 30 ppm (Example 1, GB 2,073 761A), about 22 ppm (Example
1, GB 2,048,284A), or about 17 ppm (Example 1, GB 1,241 134),

iﬁaﬁ “This is

(]

~



. poses, and as‘illustrated in the Exanples presented in those disclosures
t ke organonetallic conpounds wll be used in relatively | arge anounts, 4
and usually,' based on the figures given in amounts substantially in excess
~of 5 parts per nillion (ppm) based on thé2amount of diluent e.g. about 30

\ppm (Exanple 1, GB 2,073 761A), about 22 ppm (Exanple 1, GB 2, 048, 284A), or

about 17 ppm (Exanple 1, GB 1,241, 134). - lla - In accordance wth the
present invention, Mé??dﬁnfehgéébe‘)ew REGATPG HE ROt st L%‘fﬁ’(&ﬁci ffy has
ca\\arr'yst actbeen t Yoursiucthate|whilste| gnhaacipg adhtalystnsacrfivirygasateraldticely
conmpound t eRg; tfge | a [ fod ymer .
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gat'al yst acmyét?benaiofi?ﬁadhhedsm ?iﬁ&tﬁ&hﬁdﬁés' akhy sele_cumexﬁhs'eadugﬁd @t preéiod,
y using extrenmely small anounts t he angnetal | i ¢c_conpound, .i.e.
anounts in tsﬁ%erz'i'xﬁ{"d% gaiptd mlngpp?ﬁ%ﬁﬁg'g: ag:hgt ARET hf’a:@ﬁy’?ﬁeaﬁﬁvﬂ% 830
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whi ch conpri ses pgl ynmerising t et, ene, and ot'her nononer(s) 1T present,
inaliqui dohgd‘r% aRoRazad BR Hhe wedght f khe dilpent. ho| yneri sati on
conditilgns in the presence of a catalyst conprising chrom um oxide :
supported on a silica-containing support _material, wherein the ..
pol yneri zation is co%ﬁéf: 1(51%5"{11 ecla"a'prl?Lgsé1 ‘Eeplfﬂu?? o 87F8 %osz?ﬁe PAEY on
the wei ght eerigatiemtofoetiiylenan ar géndaionaieri aysteonpmshstiog predobinestln R
AL or [err] ophedigyRedeS [WHith @oliylis8E polymerising the ethylene, and other

monomer(s) if present, in a liquid hydrocarbon diluent under slurry

15 polymerisation conditions in the presence of a catalyst comprising
chromium oxide supported on a silica-containing support material,
wheréin the polymerisation is conducted in the presence of from 0.2
to 1 ppm, based on the weight of diluent of (1) an organocaluminium
compound of - t;he formula R 3AL or R2ALH, where R is C 1—020 alkyl or

20 (2) a dihydrocarbylmagnesium compound soluble in said diluent and

being of the formula R' zMg, vwhere R' is CZ-C12 hydrocarbyl.



2 ‘L’g (2) a dihydrocarbyl magnesi um conpound soluble in said diluent

and being of the fornmula [err] where R 7i% Terr] hydrocarbyl. -2- The .
polyneri zation process in accordance with this invention is carried out

under slurry or particle formconditions,as disclosed, for instante, in
Nor wood, U.S. 3,248, 179. Briefly, this can be acconplished, for exanple,
by conducting the polynerization in the presence of a dry inert hydrocarbon,

di luent such as i sCiét piBmepi RPbARocE®E R) £ocok@dieaRtsh @hidanzetdont au
reactor tenperature within the range of about [err] to about [err] and a
react or prassdbaeridid awtutunder shurahout parkibRa fod'm0 condfHAOnPsif)discldded,

pol ymer can be recovered, treated with [err] or H20, for exanple, to

deact i vat e frpesingtiatcegaim|Noswoodst HbS. Si, 26811%Pt h Bniefily| obhidacdn beuch as

but yl at ed hydroxytol uene (BHT), and dried by conventional nethods to obtain
the final preempdished,Hfor egempleanbheondecting theepolymer tration kimobke i n t he

art to provide some_control of the nolecul ar wei ght of the polyner. The
pol yner i zaPFetencsnche evhdaetedydsecrhes dilpent spch @8qisodyEenn, Brheptane,

cont i nuousl irlga 1%%2 reactor with or without a settlin%,le og in a
sories of PEHbLsYEloheRane, G Ransgpe ki & TeAGESR (ERPTTELUTR VALRER £Be TaREe
producti on gof_.,nor d y.sali | e honopol yner_and _al so r ot he
producti onogfabﬁru ég@m )régn%c’;} eﬁhtd;?e%ne%e golbeo Cy?rlérgressurlgt ﬂ?l%ﬁ‘e’{ gla'g goe about
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from3 to about 10 carbon atons such s propyl ene, utene, 1-pentene,

1- hexene, togfa}elﬂe BNER! eRafPi,UGR! edabiQaebi ResiubRi BhAML vt ! Osed¥A b skd
carbon atons4 In ch polymers, the ethylene content generally ranges from

about 97 t @if¥: fn Weitdbki it eshchVi s huk §lated abidtbxySoNi@nk QBH’IEDbOldhd Odried

090 by conventional methods to obtain the final product. Hydrogen can be
used in the reactor as known in the art to provide some control of the
molecular weight of the polymer. The polymerization can be conducted
batchwise in a stirred reactor or continuously in a loop reactor with
or without a settling leg or iﬁ a series of reactors.

The process of this invention is suitable for the production
of normally solid ethylene homopolymer and also for the production of
predominantly ethylene copoiymer. Ethylene can be copolymerized with
one or more higher aliphatic mono-l-olefins containing from 3 to about
10 carbon atoms such s propylene,'l—butene, 1-pentene, 1;hexene, l-octene
and/or a conjugated diolefin containing 4 to about 12 carbon atoms.
In such polymers, the ethylene content generaily ranges from about 97
to 99.6lweight percent which is obtained using from about 93 to 99.6
weight percent ethylene monomer, the remainder being said higher olefin
comonomer. Broadly, ethylene copolymers can be made using 80 to 99.8

‘weight percent ethylene and 20 to 0.2 percent comonomer in the feed.



wei ght percent ethyl ene nononer, the remai nder being said higher olefin
cpnonaner . Broadly, ethyl ene copol yners an be made using 80 to 99.8
wei ght percent ethylene and 20 to 0.2 percent comononer in the feed. - 3-
The catal yst systemto which'this invention applies is a supported chrom um
\oxi de system as disclosed in Hogan et al, U S. 2,825, 721. The support for
the chromiumoxide is a silica-containing material and can be selected from

e chromium oxide is a silica-containing miterial and can be selecte
SRk oi v coni 5, and e SRS et PO Ak, affs eyl sbfRel 1€ 20 1/ om
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silica-containing material. Preferably, the support IS a cogel, that is, a
silica prodycess byl CO- THY @eppiritaté@hé i dndbhitl sRbeSkibiL didfcortaanesy i N
Dietz, US. 3,887,494. For instance, this cogel formation can be carried
out by addi ngreribl taddi tdn GeNFlebted Erom Valel@ic agdade s$iViead WilDeh-AaBuminag! i
netal silicate into the acid containing said titanium conpound to forma
hydrogel , agihigatberiaydrsddida-tdtarmiat,i selifa-gisainéa, t &ah mixeuhesr thesashi ny
the thus aged hydrogel to produce a substantially alkali netal free

hydr ogel , fwhifilghe silicaiconstinpréssifnom 8@ete 1O wrisht pergerbpoefendln
normal |y |iquid oxygen-containing water sol ubl e organic conpound, and
separ ati ng 8Efa¥esrehadi 80 vehpltuRarantuef dhef siddrazgotaindngreatesisorma
xer ogel . The titaniumis present in these cogels in_ an annunhﬁggéhin t he

range of O. Rr‘?fr?ribl,y'prt\?f‘e?‘é Ftols 8 ocepefai ﬁPﬁ‘t p‘c;?r'c‘?nts_i 1B AT oy CIG
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preferably Poésﬂhgtance, this cogel formation can be carried out by adding a titanium
compound to a mineral acid, introducing an alkali metal silicate into
the acid containing said titanium compound to form a hydrogel, aging
the hydrogel for a time of greater than one hour, washing the thus aged
hydrogel to produce a substantially alkali metal free hydrogel, forming
a mixture comprising the thus washed hydrogel and a normally liquid
oxygen-containing water soluble organic compound, and separating said
organic compound in water from said mixture to form a xerogel,. .The
titanium is present in these cogels in an amount within the range of
0.1 to 10, preferably 0.5 to 5 weight percent titanium based on the
weight of the dried cogel (xerogel).

The final solid catalyst contains chromium generally in an

amount from 0.001 to 10, preferably 0.1 to 5, more preferably 0.5 to
1 weight_percent chromium based on the weight of the silica-containing
base.. The chromium can be added initially as'CrOS, or a lower valent

chromium compound can be added and thereafter the composite activated

in a conventional manner as known in the art for the particular type



gpht percent chrom um based on the'\/\éi‘ght of the silica-containing
The chrom um can be added initially as [err] or a |ower valent .
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o um conpound can be added and thereafter.the conposite dctivated in a
conventional manner as known in the art for the particular type - -4- of .
chrom um conpound used. Preferably, the conposite is activated by contact \
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from[err] to [err] Even if [err] is utilized as a chromum source,”the 3
acti vat i oncdnteet R@6h dnS ogyyearEdrdtyintingl satdnt ) Buth@sahid]l BtiNfeab&ddtures -’
(organoal um nun) enbodi nent. of this inven- tion, the alumnumalkyl is a
conpound ofargheg ffromA08°[ wr APOQAC. R2 Avek ifh6r®, Rsiuwtidizedl hyla chrbmiak of 1 to
20, preferably 2 to 4 carbon atons. The preterred compound is :
triet hyl al saurpemtheEotivatipn tneatpent daigenargliytilizedss preferred.
O her suitable con‘Eounds of the formula R3Al include tripropylal um num

a

tributylal uni num ah® e atumdayn #lkrd (grganopiymigym) smpodimant of| EhisoimiaRTds
f the f | i.ncl i et hyl al unj h i de, hyl et i
o {heorple TerEl dnciie, 0o b et o, e 6y o
exanple. g 1s2an bl GalldMI6P PERYI0, FhMY STROG (AL, Of ohD1 S The
a corrpouﬁd o] e i A R

i nventi on, ormul@’[err] Ts used whéerern eac can be

the same og;rb%;;z&{ WnpBilfh |15 AUty AN [ ARATA " RafeciBistlminliaViTi)2 1O

12, prefera 0 carbon atons,” A parti arly suitable com
is less preferred. Other suitable compounds of the formula R3A1 include

rl
~

tripropylaluminum, tributylaluminum and trieicosylaluminum, ' for example.
Suitable compounds of the formula R,ALH include dimethylaluminum hydride,
methyletﬁylaluminum hydride, diethylaluminum hydride and dieicosylal-

uminum hydride, for examplé.



5 l pound i's n- 'butyl et hyl magnesi um (BEM . Qher suitabl e conpounds
i mcl ude di et hyl magnesi um di propyl magnesi um di butyl magnesi um
di pent yl magnesi um di hexyl magnesi um . and di dodecyl nagnesi um These

,com:(ounds are not Gignards, i.e., they are not produced in the presence
“ef anh ether Functionalty, any R 2My congound soluble in the diluent used
can be 10 utilized. The alum nium al’kyl or di hydrocarbyl magnesi um

uund treating agent is used in an extrenely small amount i.e. within
he-f ange of 0.1 tqnl tRar 8ii@kodirbyl OihgResf vl ambodifent 0@ Ehiddhhvéftioni | | 10N

d 15 ferab | arl f t he
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herein t

agent basedoh? 'ﬁeﬁif*f‘e*%'it ey 18°3° Py fediihye auE O gboa?‘gﬁl 1AL
mllion or? ‘éesllrrasgﬁexebhe@?u@p.@r@rmn tﬂ#é%ndt&ﬂ?’tﬁicpb#ﬁl@d&&rté kkpoved 20
with Isitt] gogid qal x-mg}eéﬂhymg%aiﬁup ead) pobmr s@ItQIBQé tdoaﬁeundét ntalgk@r

- .concentrati,0 ertjes such a Sit mol ecul ar
oo rt G2 poPEyPeeneRLim DAL Brapy i gnat e SHiBRLY I Bnca my ALpEt SRR Ss SLum,
exanpl es, uhkexydhygnesiamt iaod rdidodecydsaguesiun25 Theseonzbmpberdisi nasge shet nl ess

‘steel 3-1 thyl
cal 1 br at e o SPREE E o aﬁﬁa@éoﬁﬁfdg\ﬁ?@f?’ﬂ?iﬂ‘&r BPeAFER e 8 Y2,

defined as Fenefiiopsly.r aaui Reghe asemprundesaduble da Shesdijuent, wdetcnm bee
addi tjigon hagibieea, obtai ned, until the first novenent of the rotaneter ball
I's noted indicating pol yrreri zation 30 Is starting. Pressurisation
with ethylene took 10 mnutes in each instance. Total run tine is induction
-time, if any, plus Thetakimipiin/ alkydr psalihpdrocarkylmagnesium compound treating

agent is used in an extremely small amount i.e., within the range of
0.1 to 1 part per million preferably 0.2 to 1 part per million and

15 more preferably 0.3 to 0.7 ppm, particularly because of the dramatic
effect produced at such a low concentration. The reference herein
to parts per million is based on parts by weight of the treating agent
based on the weight of the diluent. At levels .of about 1 part per
million or less, massive reductions in the induct:.on period are achieved

20 with little or only modest alteration of polymer properties. At higher
concentrations, polymer properties such a melt index, density and
molecular weight distribution may be altered substantially.

In the following examples, the polymerization reactions were
25 conducted in a stainless steel 3-litre stirred reactor. Ethylene was
added on demand through a calibrated rotameter to maintain a constant |
pressufe._ Induction time is defined as tl_zét time required, after the
desired pressure with ethylene addition has been obtained, until the
first movement of the rotameter ball is noted indicating polymerization
30 is starting., Pressurisation with ethylene took 10 minutes in each
instance. Total run time is induction time, if any, plus actual poly-
merisation time.
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2o When used, each netal alkyl as a -diLlgite sol ution ﬁ\ n- hexane was added
he isobutane diluent prior to charging the nononer. |t can be addéd =
ore, during, or after charging the catalyst. By dilute sol’ utlon i s meant
abdut 0.01 nolar. For exanple, the TEA was 0.0108 5 nolar, the TMA was

0. 00918 nol ar, nBE%/L&Va%thQMH ﬂmﬁr as X APh€e Isoﬁ&i&ﬁih' h-dHexan€ 0gel

catal yst containin ut 1 vveldq percent chrom um as,Z chrom um o§| de and
about ~ 2 wasi #ddedpte c,télﬁt igohugane: léaent prden th cbaesins Ghe mopoPfE

CongSI Lﬂeogddéﬁatﬁeﬁ%xre ]?ﬁﬁh‘}b%{,ﬁéif a;tftgzotfiﬁrkﬂié JthkoEatlys. h@yr dilutedry air

and used in particle form ethylene_poly rlzatl na act o erature
of 107C §odrFiomais dmgapgr ahputs? u?le"‘B%B pé\ a')rﬁlgl’i'as é‘i]ﬁgppresence
of 635 Gnollir# the TiA k«aebmiwsesdidmentand BEmh&svartboms melwr.about 0.03-.08 g

cat al yst (WEI ghed) was charged to t e Jgacjor. A sol ution of
trinmethyl al um num (TMA) was al so ch the 15 reactor in the amounts

shown. GCener al | $ikidastnitvwmsiac ooghlc cethlyst containbes @boutrﬁewessmmweqeqto
yi el d abiitbyfuud30 SRR KR! LR nd Shobk 22bELMR! pedbihe! BRI, aéfchgb!{@éh in

Table I. mer
Aver age éﬂ\/Ahe weight of the composifiion, was dggptagtivated aga830°%%s (16Q0°FY; fqu

M nuﬂtoe 5 Halfs :.X' Sl—fl a@%nﬁé Xxsedlim%XrtxﬁreogUﬁi 'e‘ﬁh&YeneAﬁblﬁﬂetrleOnl gelucti on
Total ppm

42 Non{eactggg:emge%@g:e og 101°6 (225°ZE‘)g glgaactor géegssggqcpfzg 89 MPpa ?565 0

45 0. ia)1lddd if. O/ Bresence3of 635 g (1. 4425)be isobutan@0dilbent. (n the 37
0.50 175 0. 9658 37

.4 390 . 320 4
1.10  1YRFiops gggs about 37913"08 g catﬁﬁ%% (we"ghedgﬁﬂf fﬁf’-'égeedxgﬁp € shows the
i nduct i ofeaeedt 0d At sobhaiessehiticibhéthydbhlusinum (TMA) was also charged to the

15 reactor in the amounts shown. Generally a':mn1 was conducted for a period

t can

of time estimated to yield about 4,000 g polyethylene per g catalyst.

The results are given in Table I.

Table 1
: Y- ) Calculated
20 " . Polymer * Average
™A - . Melt - Catalyst Catalyst

Run Time, Minutes Conc. Yield Density 1Index Productivity .Activity
No. Induction Total ppm. g _ glec g/10 min. _ g/g cat. g/g Cat/hr

1 4 42 YNone 168 0.9668 4.0 4180 5970

25 2 0 45 0.25 171 0.9670 3.4 4200 5600
3 o 37 0.50 175 0.9658 ~ 3.4 3900 6320

4 0 37 1.10 * 170 0.9662 3.4 4130 6700

This example shows the induction pen.od to be essentially elimi-~
nated with no significant change in polymer properties such as melt index
30 and dens:.t.y. Activity is improved only a small amount but. this is believed
to be because the control run with no adjuvant was h1gh in activity for
' some unexpla:.ned reason. Example IV, Run 2 is more representative of the

improvement in activity which is obtained in accordance with this invention.

hed
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nated with ne si‘gnificant change in polyrfer properties such as nelt indeK
30 and density. Activity is inproved only a small anpunt but this is
bel ieved to-be because the control run with no adj uvant was high in
activity for some unexplai ned reason,ﬂ Exanmple 1V, Run 2 is nore ‘e
(U epresentative-of- the -i nprovenent m—émlﬁ& which is obtained in

a}ccor dance with thas zldtneﬂéabrtatalysﬂwaﬁiﬁﬂifjbd bnd¥x |1deml|cﬁ§|pﬂ%ai-$]ﬁt- was
utilized under i tical za- tion copdition t. a solution
ok_rri et hyP&Pufi™ grﬁ“fEﬁj‘ 'quﬂ%)l of@ﬁi naf’iPa'd’:‘ﬁ ?‘fg““rg } ¥23%er e as
foll ows: Semployed as an adjuvant. The results were EbfﬂﬂWsCal cul at ed Pol yner

Aver ag TEA : Mel t al yst Catalyst Run Tine,
M nuteS Conc. Yield Density | ndex %ﬁ%et ivity Activity 1Q.

| nduction Total ppm g g/ cc g{;ﬂmg\:n g/ g Cat. g/ g Eﬁgtef
5 45 None 178 0. 9895 Me12050 y 2400 alyst .
31 0.30 Runlsfﬁme ¥ivlles  Concd i&eld Densf{}zo Index Prigﬁzk élgy Ac 1v1tz 34

0.50 1017%0.0T8RRVion T 1? . 2 448 g/10 %ég 2/ C
0. 30 18£F° 0 bellon ota?- pbm Fee /10 mi Cat.

31 0.96 1 168 50. 965|4'.|5 NoneB. 7173 0.9668620 Il‘l .1 I roa&r?Cat al ysg;,o(?
activity is, substantially imrove nera ittle change in_polyner
propertieszrelatlve t 0 3the Lot r of20 éx%\%sles I3\7 and V h& nafter? g
even nore dranatioc i.npiB3évenesRo i nnactovsasp Examgle 111 &bo 7410 An
| dent i cal Gat al ygt was _,Htl |6Zﬁ)d U{E}.er ol gg}t [ cala Qol yrrer [ 2840 7550

15 5 0 31 0 96 160 0.9654 ;.7 3620 7010

Catalyst activity is substantially improved with genmerally little
change in polymer properties relative to the control. Examples IV and V
hereinafter show even more dramatic improvement in activity.
_ Example III
20 An identical catalyst was utilized under identical polymeriza-
tion conditions except that a solution of n-butylethyimagnesium (BEM)

was employed as an adjuvant. The results were as follows:

Table IIIX
' : Calculated
25 . Polymer Average
BEM Melt Catalyst Catalyst

Run Txme, Minutes Conc. Yield Density Index Productivity Activity
No. Induction Total ppm. g _gfcc  g/10 min. _ g/g Cat. g/g Cat/hr

1 10 55 nome 216 - 3.9 4240 4630
30 2 p 35  1.00 240, - 3.4 4290 . 7350
Catalyst activity is substantxally improved while little change

-is noted in polymer melt index relative to the control. Polymer demsity
was not determined. | .
' Example IV
35 _ Davison 969 MS catalyst containing 1 weight perceant chromium as
chromium oxide, the remainder being silica, was air activated at 816°C
(1500°F) for 6 hours and used to produce polyethylene under identical

polymerization conditions in the absence, and in separate rums, in the
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on conditions except that a solution @f. n-butyl et Hyl magnes‘i um ( BEM was
!..oyed as an adjuvant. The results were as follows: Table I Il Calculated*

Pol yner
erage BEM

M nut es PTERFREe oF & %fsPPypPm P Mgdex (?Ectﬁ £pd %toaﬁ'?t(t%&hl nduct i on ™

Tot al. ppdrane (UEB) ag/ ceactog/ddjuwent. 'I'gégre&ntlts weg/ega*i:e&o}lhoWSL
55 none 216 - 3.9 40 4630 . 30 2 0/

| Table f¢ !
35 1.00 240 - 3.4 —==3590 7350 Calcah¥Stated ‘

actlgrety is substantially inproved wWyjikRet i ttI e change i s not edabérage
poly nmelt index relative t I cslengkty vv@gtggts
det erm %ﬂ 5heMHiQutds 3Metal Y1e1d Densri)@y' S%dgﬁg Poodwdtabyty @eBiwityi Nng 1
wei ght  Re, CEIBuct B TotaT Q@.k firogi um Qﬁﬁcde flvemie Al gPgTcakel NG/3l Catjar Was

air actirvated at 8le0C [ € far. and _used to uce | ene
under iddnticaP ‘pol yﬁ%rl f&PFon lt?énd?'t 835 | n“t‘gg abseg@g)(a andpl ng‘g@;gr ate

rungg inathe 1 -8- ppesamae of228ne0H61@. 50 mpB2Of TM¥%120. 50° ppmsm and

0.50 ppm_(tr.i ethyl - (TEB), ,as,r tor adpyvant. Jhe result re as
fol I ows: 3Tabl etol V Ca gul d 5@46 0.9810 LB &% gs%gl ymer

Average M Melto 66at &Epst 221Ca0:M616t Ru®.¥0nme, M4&R0es Met 8640vi el d
Density I ndex Inl%hgnggé{%EtditﬂAgt§§&f€$ supported chromium oxide catalyst,

TEB provided little improvement in catalyst activity while TMA and TEA

15 each provided great improvement. Eaeh metal alkyl depressed polymer
density slightly more than in the other.runs for some unexplained reason
but the derisity was still not depressed below typical homopolymer demsity.

| ' ’ | Example V
Catalyst identical to that of Example IV except that it was

20 activated at 1400°F was employed in poiymerizing ethylene containing 6
weight percent 1-hexene based on the total.weight of monomers under
polymerization condltlons generally similar -to those before. One half
of the 1-hexene was added prior to starting the rum, the remalneer was
added aiong with the ethylene required to maintain the desired pressure. 1

25 Thus, an average G:Qeight percent l-hexene content based on total monomers .

was maintained throughout the run. When used, TEA or butylethylmagnesium

(BEM) adjuvant was added to the reactor. The results were as follows:

Table V
. . Calculated
30 Polymer Average
" Run Metal ‘ Melt Catalyst Catalyst
N Run Time, Minutes Temp Alkyl Yield Density Index Prod. Activity
+ No. Induc. Total _°C ppm. . g _glcc g/10 min. g/g Cat. g/g Cat/hr
1 38 98 102 none 202 0.9470 0.14 4300 2630
35 2 35 102 0.73 TEA 134 0.9478 0.17 3150 5400
3 40 102 1.48 TEA 207 0.9460 0.17 4480 6720
4 27 82 104 none 207 0.9482 0.42 4040 2960
5

0 40 104 0.82 TEA 143 0.9476 0.33 3530 5300




No. .| noiucti om Total Alkyl g g/ cc g/ 10 m n. a/g Cat . g/g Cat/hr |1

3p v /8 none 176 0. 9665 048 - 4000 3080 10 2
1 .. 42 -TMA. > 225 0.9614 . - 0.32 4120 5890 3 0
39 - TEA -246 0.9610 0. 30 4430 6820 4 0 66

\JEB 221 60. 9316  680. 4004 noned000 203 0.943840 | m.6Hi s s8ydoes Wi 3asa

sili'ca suppqrteq chronjum qxi.de t T vi de ittle rove
i.n catal yst 9act |%V| ty ile %1‘?163) %’X 87 E@fgﬁgprovﬁdéd greg\ JED rgg%

-

i MprovenentAs cdmabh seEngl btk yhe dERN e8d REM ghyermassivisiimprolemgitd ynnaetd vi bpn
in the other runs for sonme ungxpl ai ne but the density was still not
depressed bel ow typi cal honopol yrer dﬂx; 18 anple V Catal yst identical
to thatSof Exanpl e A\sidkcepiitehda-chrombas tp@gel Fetplystedanitprieprrdd was

-enpl oyed ' eHQHi'T?rdﬂc'iGsé‘é %keﬁ?e C:QEL?'&%'tQQy@t ‘é@tgﬁ\! tBSE GERhedr HOX QNG

based on 'the total.weight monomer s under” pol ymeri zatj on conditions
general |y sheppigm F?S"PPHBéé"aﬁeFé'F’e:"ed ChER HRef tyRnipe compeyndandacideddhe

prior to sts@pii Wﬁtiﬁ%tf ua tHaeis er&haslﬁred/vasooﬁ%dedpa&&ae &urtohxﬁ:h%seémtnene
required tq rralntaln 2 esired pressure. Thus, an average 6 wei ght
percent 1- H¥ReNB4EMbAtY dPoFH eL“(ﬁt ﬁ?“r?&ﬁ’an%‘r &1 hpndume PR 4SS nethe: K7 but
the runo Wiae axdsatedEAonrS hishys edth g0l ies drynaiBEMAvadE bnerbhalBofatiled t o
:}:’(r;ley;rgra(:t Or hl‘.e o';‘.egé'lnlotn%me\z/\re rweai\a Jr%lgld%a\/\és t.h-gﬁ‘g?laeclt\ér Cpaxl'a.%lil'l ‘E‘o sq.artxng t%l

Cat al yst Gabatqnab.nam was neidell| alungswifilerjhe ¢thpllene fﬂqaided)&nsmi:.yltam rriiex

ﬁir ﬁd g/ g Cat 'sﬂ'étypgstsﬁgd%ﬁléléT%éilflr§%QOr ]ni uztegpgk the actufa. pg{yﬁ%ﬁ%at%a&o
0.14 4360e- %henwse JBEM adjuvantguwas added to thereagtqsm ipprhe F9Rcentren7s

8 i; 15 ?Jltg.gn showng‘?lg%e?’resule were 49 £011402. Rud$ J:I-Eﬁd 2Qére 02480 550
' psig' (3.8 MPa) while runs 3-6 were run at 350 psig (2.4 MPa).



82 104 none - 207 1@-9482 0.42 4040 - 2960 5

40 - 104 0.82 TEA 143 0.9476 0.33 3530 5300 6. o

68 104 none 203 0.9436 . 0.63 3940. " 3480 7

30 100 1.00 BEM 187 0.9552 1.8 4140 '+ 78280 As ~
can be seen, ‘both the TEA and BEM gave nassive inprovenents<in activity. o/
Exanple VI 5 A silica-titania-chrom a tergel catal yst was
prepared as generally disclosed for the cogel catalyst except that a o

wat er - sol ubl e chroni um conpound. was adni xed with the titani um conpound ante#
acid. Thegfip atal yst, dry basis, ceontained 1 weight percent chrom um as
. chrom iun®Pirsiand & Wi ght gpegcent titaniumas titani um oxide. The

catal yst 4@ = aRi &t 8d Fol F[hours at Terr] in dry air. About one-half
of the wefght DfedcofroMon®r Nal' cRarged to the reactor prior to starting the
run. The §ENBIFIdRr was added-along with the ethylene required to maintain
the desired pressure during the first 20 m nutes of the actual

pol yneri zati ons ijme. When used, BEM adjuvant was added to the-redctor in

t he co’ncentra-ﬂu tion shown. The results were as follows. Runs 1 and 2
were run at 559 Sig (33.6 Pajn v@il e runs 3-6 were run at 350 psig (2.4
MPa) -10%5 BENrS 9 2 S a o
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“In-every instance, 1 or 2 ppm BEM addi t dh T nproved catal yst activity. | !
runs 1, 2, it can be seen that at 1 ppm BEM and with 1- hexene as
conononer, both, polyners nade were substantially equivalent in nelt indéx
~and density: -The advantage of | ppmBEMlies in the greater 5 catalyst
(Aactivity coupled withdittle or no change in polyner properties. In runs 3,
4 and 5, 6, the remlleverynifistahce,! Nabr 2 ppi BfVadaition infroved ncatadyst yst

Ok Une LorRGEarEa, yiirbns iy $7Chs Tonqet Nern P BE o TR PR ERE IR, 24
little as Hexppenasr cenomomér 5 bophn mrlymkes snadevee kO substadt daldlyi eqeivadett on
reduci ng the_ind l.on_Regl nd o, 1NC i h V] I t 1t l.8 € on
pol ymer prlonpé"? [ gg{’é’ﬁf“? héeé'%iq&g'er fP%u%&%t%tPge \(}g?/ l}l;(')!y\/\/)’s ﬂ(‘:oir}(?%n%é atﬁeogis.%%%ﬁe
same bénefc¢atpiystepftiovtisyi eoupded critdn lptilieodr aand changey ipypalymeyditopestiasut

pol ymer propertiesybegh 30 gadld,C6l Cthe CaREIQ! ihAMRECMY! 215w BEY,
"A catalyst identical to that of Exanple | was utilized under identical
pol yneri zahide im@Revine f3tabISspRCivity s deprasses beth poiwrer melh dndgx ofcp)

was enpl oy, sy valéw thEe s Ukt SontebE Otd .OVBhisTabhgled bith
Cal cul at edﬁgziga&_ ngfty below © Plyh is/ @bufled wi

Aver age TERrevious data shows thatl\/é? tl:i.t:i:le a@all(,;‘?%torpeqlré;mgﬁ éipﬂ'sfn‘ht}ﬁsﬂ"i l?ﬁsre
Mnutep G@rianfdtdlclefiiti by redhoiify thePimibceiow ipeyiod Andiitickgading batiitiyon
1% PP il e g of e ofeslys. ae endyfll e teesns docy

48 0. 29 1é)5codteftstions, thé fame benefiI@D effects in SAdwrtion peri@d and 50
0.49 167 . Jed b 0] ies b 4 a. 90

100 175 *Hi3REY are achjeded but polylf properties bpgy b be aseered. O
TEB general ly results in depressi&eptsal iEssmplediline| t index and density
slight{yy W th [itthecdymyoysimaticdl a6t tnde! ¥¢ Bp16MOWEs utilized under

identical polymerization conditions except that a solution of triethyl-

borane (TEB) was. employed as an adjuva‘nt. The results were as follows:

Table VII
. - Calculated
20 . . ' " Polymer Average
o TEB |, . . Melt Catalyst Catalyst

Run Time, Minuteé Conc Yield Density Index Productivity Activity
No. Induction Total ppm. g g/cc  2/10 min. g/g Cat g/g Cat;/hr

1 8 53 0 171 0.9664 4.3 4090 4630
25 2 0 48 0.29 165 0.9658 4.2 4090 5110
3 o S0 0.49 167 0.9658 3.5 3850 4620
4 0 S0 '1.00 175 0.9654 3.3 4300 5160

" Addition of TEB generally results in depressing both polymer melt
index and density slightly with little improvement in activity. This shows

30 that not just any metal alkyl will function at low concentrationms‘to both
decrease the induction period and increase activity significantly. This is

- consistent with Control Run 4 of Example IV.
Tests with diethylzinc show that alkylzinc compounds are also

ineffective to improve activity in the concentration range used with the

35 other metal alkyls.

-
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304 X hat not just any netal alkyl will function at |ow concehtrations to
b crease the induction period and increase activity significantly. =
This As consistent with Control Run 4 of Exanple IV. Tests wi‘t,h dlethyI2|nc
shOw t hat al kyl zi nc conmpounds are also ineffective to inprove activity in

L

the concentration range used with the g6_ other netal alkyls. -12- (]
CLAI M5 1. A process for the_polynerisation of ethylene, or of a :
nononer system consi sting predom nently of ethylene, which conprises ¢
pol ynerising the ethyl ene, and ot her ChAdiMSner(s) if present, in a liquid ‘\j

hydrocarbon diluent under slurry polynerisation conditions in the presence
5 of a catalyst conprising chrom um oxi de supported on a

silica-containing support material, wherein the polynerisatjion is conducted
in the presence of 'frorﬁ OPTPCES 1f?fpn‘i"°oai‘§é&mﬁfﬁs?‘f'?é’“\/vé’¢gI‘Ftthl‘)]fenﬁhe"ﬁl Plient of
(1) an or i um coppqund_of. the f ere Ris

CLL C20 1% Joranety Z7sEet TR AR L HARBHIASE O T VAT s oMOEHTE CPPEar]

di | t Cl2 -
h;/dgg(r:]ar gd\}ﬁy&%lsm etlhgg%e g’ggegcorgmr’l%l%{ %{Xﬂe%@}e\%ﬁ geelshﬁ‘f'nen %I%/r%'rl?sat i on
is carri afdPsdarhbn tdi@u&'f@%ﬁ&ﬁ-esﬁrr? ﬁJl'yﬂé&h@imaﬁ&iﬂMQUm presencé'

process according to claim2 wherein the trialkyl- alum nium corrpound S

trietshyl ajfuai Batdlysd comprising chromium.oxided sUpPsIEss GiC 6 O0siliag-dont&indng 1
wherein the polynerisation is carried out in the presence of a

di hydr oc asvpypbrmgatsiialy chepainthe polymekigatiossis acmiucdedignt thet lpaesande
wherei n the di hydrocarbyl - magnesi.um conpound i s n-butyl et hyl magnesi um
of from 0.2 to 1 ppm, based on the weight of the diluent of (1) an organo-
aluminium compound of the formula R3AL or RZALH, where R is Cl CZO alkyl
or (2) a dihydrocarbylmagnesium compound soluble in said diluent and
10 being of the formula R_'éMg, where R' is C2 C12 hydrocarbyl.
2. A process according to claim 1 wherein the polymerisation
is carried out in the presence of a trialkylaluminium compound.
3. A process according to claim 2 wherein the trialkyl-
aluminium compound is tr_iethylalumiriium.
15 4, A process according to claim 1 wherein the polymerisation
is carried out in the presence of a dihydrocarbylmagriesium compound.
5. A process according to claim 4 wherein the dihydrocarbyl-
magnesium compound is n-butylethylmagnesium.
6. A process according to any one of the preceding claims,
20  wherein said organcaluminium compound or dihydrocarbylxﬁagnesium compound
is present in an amount of from 0.3 to 0.7 parts per million based on
the weight of said diluent.
7. A process according to any one of the preceding claims

wherein the monomer consists entirely of ethylene; or comprises 93

25 to 99.6 weight percent ethylene, the remainder being at least
—_—
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sai d &r ganoal umi ni um conpound or di hydr ocar byl magnesi um corrpound is preg
in Aan anount of, from0.3 to 0.7 parts per mllion based on the weight of
sai’d diluent: 7. A process accordi ng-tl3 any one of the preceding clains
u\,herel n the nononer eonsists entirely of ethylene; or conprises 93 25
to "99.6 weight percent ethylene, the remainder being at |east
-13- one [err ol efi A process according to any one of the preceding
ckai/ms wher ef’%‘u tCBet‘Hl(ﬂ()e‘ﬁt efin. {sobutane. 9. A process accor di ng to any one
of the preceding clainms wherein said catal yst support is a silica-titania
cogel .. 10. A proc&ss Pamrgcdssn@cpgr@nal tro lanywhineh of otje | resedinlgy <labmsd si ng
et hyl ene, or nmonomer system consi sting predom nantly of ethylene, under
slurry condﬂb‘ﬂ'ﬁé“lﬂ‘q ébﬁﬁf‘aﬂé Asohutgeemperature of from[err] in the
presence of a catal yst conprising about 1% by wei ght of chrom um oxi de
supported on a sil9ca-4 iprocess GRgetdinghes cady tdie RE! YRE! preabdiig iclagid ect ed
in the presence of from0.2 to 1 ppm based on the weight of the diluent,
of triethyl avhereinnsadd c¢athilystd suppdrmaisassilica-titania cogel.

6. ) A process dccor di ng to any one of the preceding clains, 20 wher e"

10. A process according to claim 1, which compri.ses poly-
merising ethylene, or a monomer system consisting predominantly
of ethylene, under slurry conditions in isobutane at a temperature
of from 60-110°C in the presence of a catalyst comprising about
1%Z by weight of chromium oxide supported on a silica-titania cogel,
wherein the polymerisation is effected in the presence of from 0.2
to 1 ppm, based on the weight of the diluent, of triethylaluminum

or n-butylethylmagnesium.
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